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Abstract
Background and Aim: The use of microscopy-based and polymerase chain reaction (PCR)-based methods have offered considerable
insights  in  detecting  avian  blood  malaria  infection  in  domestic  and  wild  birds.  The infection has a significant impact on the
immunity of birds. However, some observations concerning the role of immune system in controlling the infection continue to question
the extent of immune factors involved. To address this, the current study hypothesized that avian malaria infection may influence the
humoral response of domestic birds. Materials and Methods: The prevalence of avian malaria parasites (both Plasmodium  and
Haemoproteus spp.)  in  free-ranging  domestic  birds  from  Uganda  was evaluated using PCR and the level of Immunoglobulin Y (IgY)
antibody in malaria-infected and uninfected birds was determined using enzyme-linked immunosorbent assay (ELISA). Result: The results
showed that 10 (15.15%) of 66 individually tested birds were infected with avian malaria parasites. Interestingly, an increase in the level
of IgY associated  with   the  infection  was  found.  Of  note,  the  uninfected birds exhibited a consistent level of IgY, however, less than
in malaria-positive birds. It is likely that avian malaria-independent factors may have been involved in this induction in uninfected birds.
Conclusion: The data obtained in this study suggest that avian malaria infections influence the production of IgY in domestic birds,
therefore indicating the potential of IgY as an immune biomarker for screening avian malaria infection in domestic birds. However, these
observations are subject to further investigation with larger sample size.
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INTRODUCTION
Despite recent advances in the strategies to control avian
malaria, the disease is still at high risk in poultry production
systems1,2. Avian malaria is caused by protozoan parasites
including haemosporidians (Plasmodium spp. and
Haemoproteus spp., both often referred to as “avian malaria
parasites”)3. Birds are present in a wide range of ecosystem
distribution globally but African ecosystem harbor one of the
highest continental bird diversities. As a consequence, the
malaria parasites of these birds appear to be as diverse as their
avian hosts4,5. Several studies have highlighted the diversity of
haemosporidians in birds using microscopy, however, studies
from Africa6,7 identified haemosporidians parasites in 27 avian
families with the highest prevalence from Uganda.
Although the pathogenicity of many haemosporidians
species in wild birds is not completely understood, many cases
of mortality have been reported in domestic birds8,9. In poultry
industry, avian malaria is a common cause of low quality meat,
poor egg production and high mortality9. Clinical signs
associated with avian malaria include a pale crest, green
stools, anorexia, elevated body temperature and anemia.
These symptoms are not necessarily due to malaria infection
and clinical signs may vary from no clinical signs to a severe
phase and cause death with mortality rate higher than 80%8,10.
Native chickens are more resistant to infection than
commercial chickens11. Nevertheless, some infected adult
chickens may develop asymptomatic infections12.
For the rapid detection of the infection in birds and to
control the spread of the disease, assays combining
microscopy and PCR have been established and widely used.
Moreover, molecular studies using gene sequence analysis
have offered considerable support for the classification of the
majority of genera and subgenera of avian haemosporidian
parasites and have provided additional information on the
phylogenetic relationships between characterized genera13,14.
Although PCR assays and sequencing have provided a reliable
diagnostic tool for molecular epidemiological studies of avian
malaria infections in domestic and wild birds, little is still
known about why some birds are more susceptible to
infection, while others are resistant and/or tend to be more
“asymptomatically” parasitized.
The immune system has over decades attracted great
deal of interest in functional ecology15,16. Measurements of
immune response against infection are becoming routine in
many ecological studies17, requiring the use of simple
standardized methods (e.g., ELISA) for quantifying levels of
different components (e.g., antibodies) of the immune system.
Antibodies (also termed immunoglobulins (Igs)) are a class of
proteins that are associated with the adaptive immune
response and are only expressed in jawed vertebrates
(including birds)18. Numerous studies have demonstrated that
birds express IgD (except in chickens, ducks, penguin and
zebra finch), IgM, IgA and IgY isotypes subclasses19-21. Of
particular relevance here, IgY antibody has been associated
with evidences of protection towards different infections as
described in several studies, suggesting the use of IgY
antibody  as  immunodiagnostic and immunotherapeutic
tool22-24. With regard to malaria infection, pioneering studies
by Graczyk et al.25,26 described immunological tools to
investigated  anti-Plasmodium  spp. humoral response of
birds. Using ELISA, the authors reported a correlation between
antibody titer to  Plasmodium  spp.  and the resistance of birds
to plasmodial parasites. Moreover, another study addressing
the extent of Plasmodium exposure in Galapagos penguins,
showed an association between higher seroprevalence of
malarial antibodies and low Plasmodium-induced mortality27.
Seroprevalence detection using ELISA-based method has
been developed for diagnosing malarial infections in a variety
of bird species.  However, estimating the total concentration
of IgY antibody in avian malaria infection remains to be
investigated.  Addressing  this,  the  present study examined
an increase of total IgY antibody concentration in malaria-
infected domestic birds. However, even though less than in
malaria-infected birds, there was also a consistent production
of IgY in malaria-uninfected birds. Together, these data
suggested that malaria influences humoral response of
domestic birds but malaria-independent factors seemingly
may underpin the production of IgY in uninfected birds.
MATERIALS AND METHODS
Collection of blood samples: The blood samples used in the
present study were collected from North-western Uganda at
four districts Adjumani (Latitude: N 3.37, Longitude: E 31.78),
Moyo (Latitude: N 3.65, Longitude: E 31.72), Yumbe (Latitude:
N 3.46, Longitude: E 31.24) and Koboko (Latitude: N 3.41,
Longitude: E 30.95) in October 2015. Blood samples were
taken from free-ranging domestic birds i.e., chickens, duck,
turkey and guinea fowl. All the birds were bled on the brachial
vein (venipuncture), from which 5-50  µL of blood was spotted
onto sheets of Whatman nE1 (Whatman, Maidstone, UK) filter
paper. Spots were allowed to dry at ambient temperature and
stored in dark self-sealing plastic bags, the innermost of which
contained silica desiccant (Sigma). Filter papers were stored at
-20EC, where the level of antibodies may remain stable for
many years28,29.
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DNA extraction: Total  DNA  was   extracted   using  the
chelex-100 resin-based DNA extraction method as previously
described12  with some modifications. In brief, a small disc of
dried blood spots was cut and transferred into 1.5 mL
collection tube (Eppendorf)  containing 1 mL of 10% Saponin
in phosphate  buffered saline (PBS). After an overnight
incubation at 4EC, the suspension was centrifuged and the
PBS/Saponin was poured and then replaced with 200  µL of
20% of chelex-100 resin in deionized water, heated at 100EC
for 8 min and vortexed every 2 min. The suspension was
centrifuged for 1 min to pellet the chelex-100 resin and cell
debris. The supernatant containing the DNA was carefully
collected and the concentration of DNA as well as the ratio
A260/280 for each sample was measured using a NanodropTM
spectrophotometer (Thermo Scientific, USA). DNA samples
were stored at -20EC until molecular testing.
PCR-based detection of avian malaria parasites gene
fragments: The extracted DNA was used in nested Polymerase
Chain Reaction (nPCR) to amplify DNA fragments according to
method described by Waldenstrom et al.30. The presence of
extracted DNA was first assessed by gel electrophoresis using
2 µL of the extract on a 1.5% agarose gel, post stained with
Diamond nucleic acid dye and visualized under ultraviolet
light (UV). Samples were then screened for the presence of
Plasmodium and Haemoproteus using the nPCR method,
amplifying a 478 bp fragment of the mitochondrial
cytochrome   b  gene.  The PCR  reactions  were  performed, 
in   two   separate   rounds.   First-round  primers were
HaemNF (5-CATATATTAAGAGAATTATGGAG-3) and  HaemNR2 
(5-AGAGGTGTAGCATATCTATCTAC-3). The first reaction
contained 0.5 µL of 50-90ng genomic DNA, 0.4 µM of each
primer, 7.5 µL of Go taq® G2 Hot Start Green Master Mix, 2x
(Promega corporation, USA) and 5.8 µL of nuclease free water
in a total volume of 15 µL reaction mixture. The cycling
condition consisted of a 3 min 94EC initial denaturation,
followed  by  35  cycles  of 94EC  for  30 sec, 55EC for 30 sec
and  72EC  for  45   sec,   ending    with   an   elongation  step of
72EC for 10 min. In  the  second  PCR  round, primers HaemF
(5-ATGGTGCTTTCGATATATGCATG-3) and HaemR2 were used
(5-GCATTATCTGGATGTGATAATGGT-3). The reaction was in a
total volume of 30 µL containing 1 µL of the PCR product from
the first round as template, 0.4 µM of each primer, 15 µL of Go
taq® G2 Hot Start Green Master Mix, 2x (Promega corporation,
USA) and 11.6 µL of nuclease free water. The PCR cycling
condition was the same as used in the first round. The PCR
products  (5  µL)  from  the  second  round  were  run  on  1.5%
agarose gel and post stained with Diamond nucleic acid dye
solution for 20-30 min and visualized under UV light.
Elution of serum from dried blood spots: Plastic bags
containing blood spots were allowed to return to ambient
temperature before opening. Individual discs of dried blood
spots were punched manually into 1.5 mL collection tube
(Eppendorf). The blood was eluted out in 200  µL phosphate
buffered saline (PBS) containing 0.4% Tween20 overnight at
4EC. The tubes were centrifuged and the supernatants
containing the eluted serum proteins form the “master” from
which dilutions were made for subsequent ELISA testing.
Antibody IgY determination by sandwich ELISA: Total IgY
ELISAs were performed using Chicken IgY ELISA kit
(Immunology Consultants Laboratory, Inc, Portland, USA)
according to the manufacturer’s recommendations. All the
reagents used in this test are included in the ELISA kit. Briefly,
the eluted serum was diluted 1:6250, 1:12500, 1:25000 and
1:50000 in diluent buffer and 100  µL of the diluted serum and
standards were added in duplicate to a 96-well microtiter
plate pre-coated with anti-IgY antibody. The plate was
incubated in dark at room temperature (RT) for 30 min. After
the incubation, unbound proteins were removed by washing
the plate four times and 100  µL of anti-IgY-HRP antibody,
diluted  1:100  with  diluent,  was  added per well, incubated
for 30 min RT. Plate was again washed and 100  µL of
tetramethylbenzidine (TMB)-peroxidase substrate solution
was added into each well and the plate was incubated in the
dark at RT for precisely 10 min. the reaction was stopped with
100  µL of 0.3 M Sulfuric acid. The plate was immediately read
at 450 nm using Infinite MT200 microplate reader (TECAN,
Switzerland) calibrated according to the manufacturer’s
specifications.
Statistical analysis: Data were entered in Excel sheet 2007
(Microsoft) and were analyzed (where indicated) using Prism
6.01 (GraphPad, La Jolla, USA). Man-Whitney U-test was used
to evaluate difference in IgY concentration values between
malaria-positive and negative samples. The p<0.05 was
considered statistically significant.
RESULTS
Prevalence of avian malaria parasites: Domestic birds
samples examined in this study were composed of chickens,
duck,  turkey  and  guinea  fowl  from   four   different  districts
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Fig. 1: nPCR-based detection of avian malaria parasites DNA. DNA was extracted from filter paper dried blood sample by the
chelex-100 resin method. The DNA samples were used as templates for nPCR reaction with primers specific for parasite
gene fragments, with amplicons being analyzed by standard agarose gel electrophoresis (Mat and  Meth section)
Lanes 1-18: Malaria parasites-negative samples, Lanes 19-20: Malaria parasites-positive samples, Lane L: Ladder
Table 1: Occurrence of avian malaria parasites in the domestic birds 
PCR for avian malaria detection
----------------------------------------------------------------------------------------------------------------------------------
Area Species Number of samples Positive Prevalence (%)
Adjumani Chicken 19 1 5.26
Moyo Duck 30 4 13.33
Yumbe Turkey 6 2 33.33
Koboko Guinea fowl 11 3 27.27
Overall 66 10 15.15
Table 2: Optimization of serum dilution 
Serum dilutions
----------------------------------------------------------------------------------------------------------------------------------------------------------
Mean values (µg mLG1) 1:6250 1:12500 1:12500 1:50000
For positive samples 15.9 31.7 63.5 289.7
For negative samples 15.9 31.7 63.5 247.1
located in North-Western Uganda. The prevalence of avian
malaria parasites was determined using nPCR (Fig. 1). As the
primers  used  in this nested PCR amplify both Plasmodium
and Haemoproteus spp., the term avian malaria parasites
considered in this report includes both parasites. As shown in
Table 1, of 66 individuals tested, 10 (15.15%) were positive to
avian malaria parasites.
Optimization of serum dilution for ELISA: As this study aimed
to detect the level of IgY antibody toward malaria parasites
infection in domestic birds, ten malaria-positive samples (M+)
and nine malaria-negative samples (M-) were tested to
determine their serum level of IgY antibody. First used
different serum dilutions (titrated from 1:6250 to 1:50000) in
a standardized ELISA (Table 2). The standard curve was fitted
to the absorbance observed for the standards value by a
second order polynomial curve using Excel (Microsoft). Test
sample values were interpolated from the standard curve and
were subsequently corrected for sera dilution factor to finally
obtain the IgY concentration in the original samples.
The standardization of ELISA for IgY detection in birds
showed optimum result at 1:50000 serum dilution. In contrast,
no changes in IgY between positive and negative samples
were observed using 1:6250, 1:12500 and 1:25000 dilutions.
Thus, in the experimental settings, the dilution of serum at
1:50000 was suitable for the IgY quantification and was
considered for further analysis.
Impact of malaria infection on the IgY production in birds:
To investigate the impact of malaria infection on the humoral
response of birds, the level of IgY in malaria-infected birds in
comparison  to  the uninfected birds was determined. Results
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Fig. 2(a-d): Avian malaria infection modifies IgY production of domestic birds. Serum samples from malaria positive (M+) birds
(n = 10) and malaria-negative (M-) birds (n = 9) were diluted at (a) 1:50000, (b) 1:25000, (c) 1:12500 and (d) 1:6250.
Thereafter, diluted sera were analyzed for the detection of total IgY antibody using sandwich ELISA
Bars indicate the antibody level as Mean±SD in each group. Statistical comparison between M+ and M- was based on Mann-Whitney U-test. ns: Not
significant
Table 3: Range concentration of IgY detection in malaria-positive vs negative
birds
lgY  (µg mLG1)
-------------------------------------------
Total Concentration
number range Mean
Malaria-positive birds 10 246.5-290.8 289.7
Malaria-negative birds 9 246.7-260.1 247.1
showed that the range in IgY concentration (µg mLG1) for the
positive sample at 1:50000 dilution was 246.5-290.8 with a
Mean±SD of 289.7±20.9, while IgY concentration for the
group of negative samples ranged from 246.7-260.1 with a
mean value±SD of 247.1±16.2 (Table 3). Interestingly,
although statistically not significant (as determined by Mann-
Whitney Unpaired-test), serum of malaria positive samples
displayed a slight increase in IgY production when compared
to the uninfected birds group (Fig. 2). These data suggested
that avian malaria infection induces an elevated production of
IgY antibody in domestic birds.
DISCUSSION
This study aimed to measure the production of total IgY
antibody in response to avian malaria infection in free-ranging
domestic birds from Uganda. The most interesting finding is
that malaria-infected birds exhibit a slight higher level of IgY
antibody when compared to the uninfected birds. This result
was obtained with an especially high dilution factor (1:50000)
of the serum, possibly due to the binding specificity property
of the microplate. Seroprevalence of malaria in different bird
species have been reported by various studies27,31-33. For
example, a study on Galapagos penguins Spheniscus
mendiculus showed elevated seroprevalence of anti-malaria
antibodies, despite low detection of Plasmodium spp. DNA
using PCR. This suggests high exposure to the parasite and
low Plasmodium-induced mortality27 and thus, a role of host
immunity in controlling the infection. Similarly, Jarvi et al.33
reported that serological methods for detecting chronic
malarial infections  were  significantly  more sensitive than
PCR-based methods and microscopy. These studies also
emphasize the necessity of combining different strategies to
measure the real extent of Plasmodium exposure and
infection.
Domestic birds samples examined in the present study
showed few avian malaria parasite infections. However, the
birds were trapped in several habitats recognized as abundant
midges for mosquitoes as described6. According to
Pattaradilokrat et al.12, the chelex-100 resin extraction method,
in comparison to the phenol/chloroform method, was found
to be a reliable method for the extraction of DNA of avian
malaria parasite P. gallinaceum from dried blood spot.
Moreover, the nPCR assay presented in this study has been
shown to be highly specific and reliable method for assessing
prevalence of the haemosporidian blood parasites
Haemoproteus  spp.  and Plasmodium  spp. from avian
blood30. Hence, the low prevalence of avian malaria infections
observed   here    may    not   be   parasites   detection 
method-dependent.
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As one of the possible explanation for this unexpected
result is that PCR amplifies haemosporidian parasite DNA in
the circulating blood, regardless of the parasite’s life cycle and
therefore may not be detecting gametocytes34. Moreover, a
previous study in Uganda reported an unexpected low
prevalence of Plasmodium and Haemoproteus spp. in birds
but a predominance of Leucocytozoon spp., suggesting that
Leucocytozoon may be the most common hematozoan in
chickens from Uganda35. This study showed a consistent
production of IgY in uninfected birds (Table 1, Fig. 2), however,
less than in malaria-positive birds. This could suggest that the
production of IgY detected in this study is not completely
exclusive to malaria infection but could also be the result of
other infections which might occurred in domestic birds.
However, more investigations are needed to identify the
malaria-independent factor (s) responsible for the production
of IgY in uninfected birds. 
Antibodies play an important role in the initial recognition
of foreign particles and they support subsequent defense by
the complement cascade and the acquired humoral
response36,37. Therefore, organisms may benefit by maintaining
a minimum level of antibodies as these molecules likely play
a crucial role in terms of earlier detection of parasites38. With
regard to the protective effect of IgY, several studies have
reported the effective protection against pathogens such as
Salmonella enteritidis, Salmonella e. typhimurium,
Campylobacter jejuni and Enterotoxigenic Escherichia coli
(ETEC)22-24. In addition, a previous study found that, in in vitro
experimental system, chicken IgY-specific antibodies directed
against the E. coli  enteropathogenic  BfpA virulence have also
been shown to inhibit, in a dose-dependent manner, the
virulence factor-induced apoptosis of Vera cells39. However, it
has not been straightforward to demonstrate an association
between antibody production and protection of domestic
birds from malaria infection. Birds infected with malaria show
clinical signs such as pale crest, green stools, ruffled feathers,
anorexia, cerebral capillary blockade9,40. Although, these
symptoms are not exclusively specific to malaria, the disease
may run a very acute phase and cause death within the
second or third week8,10. Nevertheless, some infected adult
chickens may develop asymptomatic infection, resulting in
misdiagnosis12 or the result of chronic infection. In this study,
domestic birds infected with malaria (as determined by nPCR)
seem in “good health” and do not show any sign of the
aforementioned malaria symptoms (data not shown) but
interestingly, they display an increase in IgY antibody
production. Taken together, this finding suggests the increase
in IgY production as an indicator of survival in infected birds.
However, this observation remains to be further verified with
larger sample size.
CONCLUSION
In conclusion, the present study confirmed that avian
malaria infection occurred in domestic birds from different
free-ranging poultry in Uganda. Interestingly, an increase in
IgY production of birds infected with avian malaria parasites
was detected. These findings highlight the importance of
using IgY antibodies either for immunodiagnostic or for
passive immunization against avian malaria infections in
domestic birds.
SIGNIFICANCE STATEMENT
Avian malaria infection has a significant impact on the
immunity of birds. Data obtained in this study indicate that
avian malaria-infected domestic birds display an increase in
IgY level and do not show any sign of avian malaria symptoms.
These findings suggest that avian malaria infections influence
the production of IgY in domestic birds, therefore indicating
the potential of IgY as an immune biomarker for screening
avian malaria infection in domestic birds.
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